A STUDY OF THE LOW BLOOD PRESSURES ASSOCIATED WITH ANAPHYLACTIC AND PEPTONE SHOCK AND EXPERIMENTAL FAT EMBOLISM, WITH SPECIAL. REFERENCE TO SURGICAL SHOCK by Simonds, J. P.
A  STUDY  OF  THE  LOW BLOOD  PRESSURES  ASSOCIATED 
WITH  ANAPHYLACTIC  AND  PEPTONE  SHOCK  AND 
EXPERIMENTAL  FAT EMBOLISM, WITH  SPECIAL. 
REFERENCE  TO  SURGICAL  SHOCK. 
B~" J. P. SIMONDS, M.D. 
(From the  Department  of Pathology  of Northwestern  University  Medical  School, 
Chicago.) 
PLA~S 17 ro 21. 
(Received  for publication, November 28,  1917.) 
In a preliminary reporV attention was called to certain fundamental 
differences between the low blood pressures  associated with peptone 
shock  and  experimental  fat  embolism.  Consideration of these dif- 
ferences is important because they have a  direct bearing upon certain 
theories  as  to  the  etiology and mechanism of surgical shock.  It is 
proposed in this paper  to  give in detail the experimental data upon 
which some of the statements made in that report were based, to add 
new observations,  and to discuss the results obtained.  The theories 
concerned are  that surgical  shock is due to loss of vascular tone in 
the splanchnic region, that it is due to loss of peripheral vascular tone, 
and that it is due to fat embolism. 
Mann  ~ is of the opinion that "the cause of shock is an actual loss of red cells 
and fluid from the circulating blood through stasis,  diapedesis, exudate, and en- 
dothelial changes brought about by the reaction of the great delicate splanchnic 
area to irritation."  Janeway and Jackson* concluded  from their study of low 
blood pressures induced by compression of the inferior vena cava, that the dila- 
tation of  the  peripheral venules  and  capillaries  as a  result of  the  increased 
venous pressure caused such a loss of tone, that even after normal pressure  was' 
restored by release of the compression, they became overfilled with blood.  As a 
1 Simonds, J. P., J. Am. Med. Assn., 1917, lxix~ 883. 
Mann, F. C., Bull. Johns Hopkins Hosp., 1914, xxv, 205. 
* Janeway, H. H., Proc. Sac. Exp. Biol. and Med., 1914-15, xii, 83. 
H. H., and jackson, H. C., ibid., 1914-15, xii, 193. 
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result of this, the arterial pressure fell to a very low level and the animal died in a 
few hours.  Warthin,  4 Bissell,  5 and Porter 6 are convinced that fat embolism is 
"a cause" of surgical shock. 
Technique. 
Alt  the  experiments  here  reported  were  made  upon  dogs  under 
ether  anesthesia.  Altogether,  more  than  thirty-five  animals  have 
been used in the study of the problems involved.  The arterial pres- 
sure was taken from the carotid artery according to the usual tech- 
nique.  The fat, in the form of neutral olive oil, was injected through 
a  cannula in  the femoral vein,  being washed into  the vessel with 5 
or 6  cc. of isotonic salt solution.  Witte's peptone  (0.5  to 1 gin., ac- 
cording to the size of the dog) was dissolved in 10 cc. of salt solution 
and injected  through the same cannula.  Standard doses of nicotine 
(1  cc. of a  1:4,000  solution)  and of adrenalin  (1  cc.  of  a  1:50,000 
solution) were also administered intravenously in the same manner. 
In making a  record  of the venous pressure  the following method 
was employed.  The external jugular vein was exposed as low down 
in the neck as possible.  Into it a wide cannula with a large bulb com- 
pletely filled with 10 per cent solution of sodium carbonate  was in- 
serted.  The  long proximal  end  of  the  cannula,  measuring  4  to  6 
cm., was pushed well down into the subclavian vein and even in some 
instances into the superior vena cava.  Before inserting the cannula 
into  the  vessel,  a  rubber  tube  was  attached  to  the  distal  end  and 
closed with a  screw clamp to prevent the carbonate solution from run- 
ning into the vein.  The cannula was then connected by rubber and 
glass tubing (including a  T-tube)  with a  manometer of the type de- 
scribed  by Hoskins and  Gunning. 7  All connections were  made air- 
tight, because air transmission was  used.  In  the  manometer  there 
was a  solution of zinc chloride with a  specific gravity of 1.36; that is, 
one-tenth the specific gravity of mercury?  The float in the manom- 
4 Warthin, A. S., Internat.  Clinics, 1913, iv, series 23, 171. 
Bissell, W. W., Surg., Gynec. and Obst., 1917, xxv, 8. 
Porter, W. T., Boston Med. and Surg. J., 1917, clxxvi, 248. 
Hoskins, R. G., and Gunning, R. E. L., Am. J. Physiol.,  1917, xliii, 298. 
s For the preparation and the accurate measurement of the specific gravity of 
this solution I am indebted to Professor J. H. Long. 3.  r.  SrMO~DS  541 
eter was attached by a  thread to the longer  branch  of  a  light  heart 
lever exactly half  way between  the  fulcrum  and  the  w(iting point. 
After all the connections had been made, it was necessary to produce 
a  slight negative Pressure in  the apparatus.  This was  readily done 
through the T-tube.  The screw clamp at  the cannula was then cau- 
tiously released.  The apparatus was so adjusted that the column of 
liquid forced out of the cannula in high venous pressures did not rise 
above the level of the vein.  In other words, the column of liquid was 
kept parallel with the axis of the vessel.  The respiratory and other 
changes in the venous pressure were  recorded as  shown  in Figs.  1, 
2,  and  3.  The change in position of the writing point of the heart 
lever represented ten times the change in pressure expressed in milli- 
meters of mercury, because the fluid in the manometer had a  specific 
gravity one-tenth  that  of mercury. 
EXPEI~TMENTAL. 
The three following protocols of experiments are typical.  All op- 
erative procedures were carried out under ether anesthesia,  and  the 
animal  was  killed  at  the  end  of  the  experiment without recovery 
from the  anesthetic.  A  cannula  was  placed  in  the  trachea  and 
connected  with  an  ether  bottle.  The  remainder  of  the  technique 
has been sufficiently described above. 
Dog/.--Male; weight 18pounds.  October 15, 1917. 
10.07 a.m.  Blood pressure 130 ram. of mercury. 
10.07 to 10.09 a.m.  12 cc. of olive oil injected in doses of 2 cc. each. 
10.10 a.m.  Blood pressure 110 ram. 
10.13 a.m.  Blood pressure 130 mm. 
10.13 to 10.15 a.m.  8 cc. of olive oil injected in doses of 2 cc. each. 
10.14 a.m.  Blood pressure 125 ram. 
10.16 a.m.  Blood pressure 105 mm. 
10.20 a.m.  Blood pressure 95 ram.  4 cc. of olive oil injected. 
10.21 a.m.  Blood pressure 80 ram. 
10.25 a.m.  Blood pressure 70 ram.  2 cc. of olive oil injected. 
10.26 a.m.  Blood pressure 65 ram.  2 cc. of olive oil injected. 
10.27 a.m.  Blood pressure 50 ram.  Respiration ceased.  Artificial respiratioa 
started.  Heart stopped beating at 10.29 a.m. 
Autopsy.--Dilatation  of the right side  of the heart; left side contains small, 
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Dog 2.--Male; weight 14 pounds.  June 29, 1917. 
1.20  p.m.  Blood pressure  180 mm.  of mercttry.  1 gin. of Witte's peptone 
injected intravenously.  Blood pressure fell within 30 seconds to 55 ram. 
1.40 p.m.  Blood pressure 130 mm. 
1.50 p.m.  Blood pressure 170 ram. 
1.50 to 1.52 p.m.  Three injections  of olive oil, 2 cc. each. 
1.53 p.m.  Blood pressure 170 ram.  2 cc.  of olive oil injected.  Respiration 
became slow and shallow and blood pressure began to decline very slowly. 
1.57 p.m.  Blood pressure 120 mm.  Respiration continued to become slower 
and slower.  Blood pressure fluctuated but had a  general downward tendency. 
Reaction to adrenalin and nicotine normal. 
2.25 p.m.  Blood pressure 70 mm.  Respiration slow and labored. 
2.40 p.m.  Blood pressure 85 ram. 
2,55 p.m.  Respiration stopped entirely.  Blood pressure 50  mm.  Artificial 
respiration begun and ether removed.  Blood pressure steadily rose during the 
artificial respiration until 3.05 p.m. 
3.05 p.m.  Blood pressure 95 mm.  Respiration became spontaneous and arti- 
ficial respiration was stopped.  Immediately upon stoppage of artificial respira- 
tion the pressure rose rapidly. 
3.10  p.m.  Blood pressure 140 ram.  Ether given again because of return of 
corneal reflex.  Respiration again became slow  and labored.  During the next 
50 minutes the blood pressure fluctuated between 140 and 70 ram. 
4.05 p.m.  Blood pressure 90 mm.  5 cc. of oliveoil injected.  Blood pressure 
fell to 80 mm. 
4.06 p.m.  Blood pressure 90 mm.  5 cc. of olive oil injected.  Blood pressure 
fell to 75 mm. 
4.07 p.m.  Blood pressure 80 ram.  3 cc. of olive oil injected.  Blood pressure 
fell to 70 ram. 
4.08 p.m.  Blood pressure 70 ram. 
4.09 p.m.  Blood pressure 60 mm. 
4.10 p.m.  Blood pressure 55 ram.  Respirations very slow and shallow. 
4.11 p.m.  Blood pressure 40 mm.  Respiration stopped. 
4.13 p.m.  Heart stopped. 
Dog 3.--Male; weight 42 pounds.  October 18, 1917. 
11.33 a.m.  Blood pressure 130 ram. 
11.36 a.m.  Blood pressure 125 ram.  1 gm. of Witte's peptone injected. 
11.37 a.m.  Blood pressure  55  ram.  Venous pressure  fell during this  time 
approximately 14 ram. 
11.47 a.m.  Blood pressure 120 ram.  Venous pressure at its former level. 
11.4/7 a.m. to 12.08 p.m.  40 cc. of olive oil injected in doses of 5 cc. each. 
12.08 p.m.  Blood pressure 110 ram.  The reactions of the venous and arterial 
pressures to the injections of oil are shown graphically in Fig. 3. 
12.t0 to 12,11 p.m.  10 cc. of olive oil injected in doses of 5 cc. each. j.  P.  SI~OlCDS  543 
12.12 p.m.  Blood pressure 10S to 110 ram. 
12.13 p.m.  5 cc. of olive oil injected. 
12.14 p.m.  Blood pressure 95 to 100ram.  The pressure steadily declined and 
heart  stopped beating at  12.16 p.m.  During the fall of arterial pressure the 
venous pressure constantly rose (Fig. 3). 
Autopsy.--Dilatation of the right side of the heart; !eft side contains very little 
blood.  General venous stasis.  Slight edema of the lungs. 
The  characteristic  feature  of anaphylacfic  and  peptone  shock  in 
the dog is a  marked and abrupt fall in arterial blood pressure.  Ex- 
periments by Edmunds, 9 Manwaring, TM Denecke]  1  Jaff6 and P~ibram,  TM 
and Well  TM have shown that the liver is an essential element in the pro- 
duction of this type of shock in this animal t4 (Figs. 1 and 4).  Although 
Robinson and Auer, 'a by means of the electrocardiograph, found dis- 
turbances in the  conduction of the  heart  and  abnormalities  in  the 
ventricular contractions, it is evident that the action upon the heart 
is of relatively minor importance.  The cause of the low blood pres- 
sure is a  stagnation  of the blood in  the liver and  splanchnic  region 
which prevents the right heart from receiving sufficient blood to keep 
the left ventricle supplied with an amount adequate to maintain the 
art.erial pressure at its normal level,  ts 
The studies of blood pressures in experimental fat embolism reported in the 
literature are meager and for the most part give too few details to be satisfactory. 
Warthin* injected 7 cc. of olive oil directly into the heart of a dog, and observed 
a rapid fall in arterial pressure and an increase in pressure in the auricle and jugu- 
lar vein, "as shown in the charts."  But no "charts" appear in the article.  He 
states further that  "repeated injection~  cause large systolic pulsations in the 
right auricle, the arterial pressure steadily falls, and that in the auricle and jugtflar 
steadily goes up.  Finally there is delirium cordis and death."  The weights  of 
9 Edmunds, C. W., Z. Immunit~tsforsch., Orig., 1913, xvii, 105; 1914, xxii, 181. 
10 ManwaHng, W. H., Z. Immunit~t~forsch., Orig., 1911, viii, 1. 
11 Denecke, G., Z. Immunit~tsforsch., Orig., 1913-14, xx, 501. 
12 Jaff6, R. H., and P~'ibram, E., Virchows Arch. path. Anat., 1915, ccxx, 213. 
13 Weft, R., J. Immunol.,  1917, ii, 525. 
14 Loewit, M., (Arch. exp. Path. u. Pharm., 1913, lxxiii, 1) has pointed out cer- 
tain alleged differences between anaphylactic and peptone shock. 
is Robinson, G. C., and Auer, J., J. Exp. Med., 1913, xviii, 556. 
16 Eisenbrey, A. B., and Pearce, R. M., J. Pharm. and Exp. Therap., 1912-13, 
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the animals, the quantities of oil used in the "repeated injections," and the time 
allowed to elapse between them are not stated. 
Bissell  5 gives  one  chart  showing  the arterial  and venous pressures in a dog 
weighing 7.4 kilos (16.3 pounds) which received 17 cc. of olive oil in doses of 7, 5, 
and 5 cc. within 2 minutes.  After the first injection  (of 7 cc.), there was only a 
"volume change" in arterial and venous pressure; after the  second, there was a 
very transient  fall in arterial  pressure  and an equally transient  rise in venous 
pressure;  after the third injection,  the venous pressure  went up very abruptly 
while the arterial pressure gradually fell and the animal quickly died. 
Porter 6 mentions experiments upon eight cats.  One received  3 cc. of "offici- 
nal emulsion" of olive oil injected slowly into the jugular vein.  Very soon there 
followed a  fall in carotid pressure.  In two other experiments  tkick cream was 
used, and in the remainder, olive oil.  "2 to 4 cc. of olive oil in a large  cat has 
never failed to produce a fall in blood pressure to one-half or less the normal level." 
In one experiment the diastolic pressure fell from 140 to 65 mm. of mercury and 
later to 40 ram.  "In this cat the tracing showed that the fall in blood pressure 
could not be ascribed to changes in the heart beat.  The same is usually  true 
when the injection is not made too rapidly.  The clinical picture is essentially 
that of traumatic shock in human beings." 
It appears that in the above instances cited from the literature relatively large 
amounts of oil in proportion to the body weight of the animal were injected within 
the space of a few minutes.  Graham,  1~ on the other hand, made repeated small 
injections of small amounts of olive oil into the veins of rabbits over a period of 
days, but no blood pressure tracings were taken. 
The presence of fat embolism in some cases of surgical shock has been estab- 
lished by the work of Bissel].5  But it has also been found by Flournoy,  TM and by 
Katase, 19 in a variety of other pathological conditions. 
In experimental  fat embolism,  the fall in blood pressure  is gradual 
and  progressive.  But  the  beginning  of  the  fall  in  pressure  is  not 
synchronous with the beginning of the injections of the oil.  A remark- 
ably large amount of oil can be introduced  into the veins of an anes- 
thetized dog without producing more than a  very slight and tempor- 
ary fall in arterial  pressure.  There appears  to be a  roughly quanti- 
tative relation between the body weight of the dog and the amount of 
olive oil that must be injected  to cause  the arterial  pressure  to start 
downward  permanently.  In  the  experiments  of  this  series  it  was 
17 Graham, G. S., J. Med. Research, 1907, xi, 459. 
is Flournoy, T., Contribution ~ l'6tude de l'embolie graisseuse, Inaugural dis- 
sertation, Strassburg, 1878, quoted by Warthin. 4 
19 Katase, A., Cor.-Bl. schweiz. Aertze, 1917, xlvii, 545. J.  P. SIMONDS  545 
necessary to inject approximately 1 cc. of oil for each pound of body 
weight in order to bring about a fall of pressure of any duration.  The 
results  in  twelve animals are  shown in  tabular form in Table I.  In 
this  table  are  shown  the  weight  of  the  animal  and  the  number  of 
cubic centimeters of oil that were injected before the arterial pressure 
was permanently and materially lowered.  It was somewhat difficult 
to  establish  a  standard.  But  for  the  purposes  of  this  tabulation, 
it was  considered  that  the  pressure  had  been permanently  and  ma- 
TABLE  I. 
The Quantity  of Oil Necessary to Reduce Permanently  and Materially  the Arterial 
Pressure  in Anestketized  Dogs. 
Animal No. 
4 
5 
6 
7 
8 
9 
10 
1 
3 
11 
12 
13 
Weight. 
lbs. 
19 
35 
24 
34 
27 
30 
30 
18 
42 
15 
18 
30 
Amount o[ 
oil  neces- 
sary to 
reduce  ar- 
terial 
pressure. 
C.£. 
21 
29 
23 
35 
28 
42 
25 
20 
50 
16 
18 
70 
Average (omitting Dog"  13) 
Amount of 
oil per 
pound  of 
body 
weight. 
65. 
1.1 
0.8 
0.9 
1.0 
1.0 
1.4 
0.8 
1.1 
1.2 
1.0 
1.0 
2.3 
DOS~o~e of 
injections. 
c$. 
2-5 
2 
2 
5 
2 
2 
2-4 
2 
5 
1-2 
2 
2-10 
Freqo~ency 
injections. 
rain. 
1-=2 
2-4 
2 
1 
1 
11_3 
1-9 
Total 
amount of 
oil 
injected. 
CC. 
26 
37 
23 
55 
28 
44 
38 
28 
55 
19 
18 
7O 
Initial injection 
of Witte's 
peptone, 
No injection. 
Injection. 
No injection. 
Injection. 
No injection. 
Injection. 
cc 
No injection. 
terlally reduced when there had been a  lasting fall of 20 to 30 ram. of 
mercury from the initial pressure, provided the decline did not reduce 
the  pressure below  100  ram. of mercury.  The  minimum was 29 cc. 
for a  35 pound dog; the maximum, 70 cc. for a  30 pound dog.  If we 
omit from consideration Dog 13, which was distinctly abnormal in his 
resistance to the injections of oil, it is seen that the average quantity 
of oil necessary to initiate a permanent fall in blood pressure in the dog 
is approximately equal to 1 co. of oil for each pound of weight of  the 546  LOW  BLOOD  PRESSURES 
animal; that is, a  25 pound dog would require about 25 cc. of oil, and 
a  150 pound man about 150 cc., to induce a lasting fall in pressure, if 
the same quantitative relations hold for man as for the dog. 
It  apparently  makes  only  slight  difference  whether  this  critical 
quantity is injected in amounts of 1  or 2 cc. of oil  at  intervals  of  1 
or 2 minutes, or in quantities of 5  to  10  cc.  at  a  time.  When  the 
larger amounts are injected, with short intervals between the injec- 
tions,  the  mechanism  of adaptation  is put  to  a  greater  strain,  the 
critical  point  may be  slightly lowered,  the  immediate fall is  more 
marked, and the recovery more slow (Fig. 5).  But even when rela- 
tively enormous quantities of oil are injected at  one time and faiHy 
rapidly (for example,  in one experiment,  75  cc.  of oil were injected 
very rapidly into a  29 pound dog from a  burette connected with the 
cannula in the femoral vein) the fall in pressure is much more gradual 
than in the case of peptone or anaphylacfic shock (Fig. 6). 
Several factors of safety, which in peptone shock appear to be entirely useless, 
are thoroughly effective in fat embolism in the dog.  In the first  place, many 
years ago, Lichtheim  ~° showed that three-fourths of the pulmonary circulation 
may be occluded without affecting the systemic pressure.  Tigerstedt  ~1 and Ger- 
hardt  22 have both confirmed this observation,  although Gerhardt, who worked 
with spontaneously breathing rabbits, ~tuestioned Lichtheim's explanation  of the 
phenomenon.  More recently, Kuno  2s has  shown  that the lungs n~ay contain 
from 8.8 to 19.44 per cent of the amount of blood in the body, depending upon 
the condition of the circulation. 
It is evident, therefore, that much of the vascular space of the lungs 
can be closed without causing a  fall in arterial pressure, a  conclusion 
amply justified by the results here reported.  This is due in part to 
the  presence  of  an  excessively large  vascular  area  in  the  lungs  in 
which there is probably ordinarily much dead space where the  circu- 
lation is not active.  But the occlusion may involve more than this 
2o Lichtheim, L., Die StSrungen des Lungenkreislaufes und ihr Einfluss auf den 
Blutdruck, Breslau,  1876, cited by Tigerstedt, R., Ergebn. Physiol., 1903, ii, pt. 2, 
528. 
21 Tigerstedt, R., Ergebn. Physiol.,  1903, ii,  pt.  2,528;  Skand.  Arch.  Physiol., 
1903, xiv, 259. 
22 Gerhardt, D., Z. klin. Med., 1904, Iv, 195. 
23 Kuno, Y., J. Physiol.,  1917, li, 154. j.  P.  SlMOSDS  547 
excess of vascular area, and the systemic pressure may still be main- 
tained at the normal level by increased work on the' part of the right 
ventricle.  Gerhardt  *~ observed a  rise in pressure in the pulmonary 
artery under  these  conditions.  Furthermore, the capillaries  of the 
lungs are capable of very great distention, and by dilatation the still 
unoccluded capillaries can permit the passage of an undiminished or 
only slightly diminished supply of blood to the left side of the heart. 
A more detailed analysis of the curve of arterial pressure obtained 
during the successive injections of small amounts  of  olive  oil  into 
the veins of a dog shows it to be more complex than the simple curve 
of peptone shock.  In Fig.  2  is  shown the effect of injecting a  15 
pound dog with 1 or 2 cc. doses of olive oil at intervals of 1 to 2 min- 
utes, until a total of 19 cc. had been injected.  It is seen that the first 
one or two injections produced hardly any perceptibl  e  effect.  With 
each  succeeding  injection  the immediate  fall  in  pressure  became 
greater  and  greater  and the  return  to  normal  slower  and  slower. 
Finally, a point was reached at which, after each injection,  the pres- 
sure did not again reach its former level.  In the case of this  particu- 
lar animal, an injection of peptone had been given, from the effects of 
which it  had  not  completely recovered when  the  injections  of  oil 
were begun.  This  accounts for the  fact  that  the arterial pressure 
continued to rise slowly for some minutes in spite of the injections of 
oil (see also Fig. 3). 
Mter the critical point had been reached, each succeeding dose of 
oil brought the pressure lower and lower.  If the injections were stopped 
soon enough, however, the animal could  usually  be  kept  alive  for 
some time and the various phases of the condition studied.  In all 
the animals, when the arterial pressure showed a permanent and mate- 
~ial  depression, however slight  at  first,  the condition gradually be- 
came worse, and the animal died in from 1 to  3  hours.  If the in- 
jections were continued,  the animal succumbed very quickly.  The 
anesthetic doubtless played a  part in the progressively fatal  course. 
The interpretation of these results is, perhaps, obvious.  It would 
seem to be a  legitimate conclusion that the oil first injected merely 
filled some of the excess vascular space in the lungs.  When this  ex- 
cess was  used up,  the unoccluded capillaries  dilated  sufficiently to 
permit  the passage  of an undiminished or only slightly diminished 548  LOW  BLOOD  PRESSURES 
volume of blood.  When the capillary area was still further reduced, 
the right ventricIe was still  able,  by increasing its work, to  deliver 
the necessary,amount of blood  to  the left side of the heart.  It  is 
not to be supposed, however, that each of these factors of safety came 
into action separately and in  the order named.  They probably  all 
became active early, but in varying degrees.  The increasing extent 
of fall and slower recovery after each succeeding injection was due to 
the increasing difficulty of readjustment of these various factors to the 
augmented load placed upon them.  A point was ultimately reached 
at which the fall in pressure induced by each injection was  roughly 
proportional  to  the amount of  reduction in the remaining vascular 
space in the lungs by that injection.  That  this was probably true 
was indicated by the great difference in the amount of fall in pressure 
induced by the same volume of oil injected before and after the criti- 
cal  quantity had  been reached (Figs.  2  and  3).  The progressively 
downward course was probably the result of a break in compensation 
on the part of the various adaptive factors of safety. 
Differences in  the Effect  of Peptone Shock  and Experimental Fat 
Embolism  upon  Venous  Pressure. 
The differences in the effects of peptone shock and experimental fat 
embolism upon venous pressure are equally striking.  In the former, 
there is usually a  slight preliminary rise due to the volume of fluid 
suddenly injected into the veins with the peptone.  This is followed 
by a  precipitate  fall.  The  arterial  and venous pressures  thus run 
practically parallel  (Fig.  1).  While  the arterial  pressure is  gradu- 
ally  rising  as  the  animal  recovers, the  venous  pressure  also  rises. 
The onset of  dyspnea during peptone shock causes a  further fall  in 
venous pressure and a  rise in arterial pressure as already described. 
In  experimental fat  embolism,  the venous and arterial pressures 
change in opposite  directions.  During  the  successive injections of 
small amounts of oil there occurs usually a  slight temporary rise in 
venous pressure  simultaneously with  the  slight  evanescent  fall  in 
arterial  pressure.  But  both  quickly  return  to  normal.  It  is  not 
until  the critical quantity of  oil  has  been  injected  that  there is a 
lasting rise in venous pressure.  A  relatively small amount of oil in- :I.  P.  S~O~DS  549 
jected at this time will cause a  rapid rise in venous pressure synchro- 
nous with  the marked fall in arterial pressure described  above  (Figs. 
2  and  3). 
In peptone  shock  the  venous pressure  falls because  of the  sudden 
stagnation  of  blood  in  the  liver  and  organs  of  the  splanchnic area. 
It does not reach the larger veins which  are relatively collapsed.  In 
fat embolism the blood cannot reach the systemic circulation because 
of the  blocking of its passage  through  the  lungs.  The  blood  of  the 
body,  therefore,  accumulates in  the veins.  Since all  the  vessels still 
retain their normal tone,  the venous pressure rises. 
It seems obvious that if a  sufficient amount of fat has entered  the 
lungs  to cause a  fall in arterial pressure in any case of surgical shock, 
there should  also be present at the same time an elevation of venous 
pressure,  for in experimental fat embolism in the dog the venous pres- 
sure  begins  to  rise  only  when  the  arterial  pressure  begins  to  fall. 
There has not been opportunity to make observations upon this point 
on  human cases of shock. 
Effects of Dyspnea in Peptone Shock and in Experimental Fat Embolism. 
In two papers published in 1916, it was shown that dyspnea will cause a rise 
in arterial pressure in anaphylactic and peptone shock34  Well, 13 who appears to 
have seen only the first of these papers in which the idea was not fully developed, 
has recently stated that "this novel hypothesis is quite unsupported by confirma- 
tory experiments."  It seems advisable, therefore, to restate briefly the evidence 
upon which  this claim was made.  The I~henomenon  was first observed in the 
course of experiments to determiI~e the state of vasomotor irritability in anaphy- 
lactic shock in dogs.  It was noticed that during the stage of low blood pressure, 
doses of 1 cc. of a  1: 4,000 solution of nicotine sometimes produced a greatly ex- 
aggerated reaction.  When this occurred the percentile rise  25 varied from 30 per 
cent to more than 200 per cent, as contrasted with a percentile rise of 10 to 17 
per cent before the induction of shock, and with an average percentile rise of less 
than 10 per cent after its production in those instances in which nicotine did not 
bring about  dyspnea  (Table II).  It was observed further,  that whenever this 
augmented reaction occurred,  the injection of nicotine was invariably followed 
by more or less dyspnea, and that the rise in pressure was roughly proportional 
to the severity of the dyspnea. 
24 Simonds, J. P., J. Infect. Dis., 1916, xix, 746; Arch.Int.Med., 1916, xviii,  848. 
~5 Porter, W. T., Am. J. Physiol., 1907-08,  xx, 399; 1914, xxxiii, 373. 550  LOW  BLOOD  PRESSUI~ES 
Dyspnea induced by other means, such as increasing the amount of 
carbon  dioxide  in  the  ir~spired  air,  and  stimulation  of  an  afferent 
nerve, has given similar results.  But there is no method of causing 
dyspnea in  an anesthetized dog that  is  entirely free from criticism. 
Asphyxia is known to  caus:e a  rise in blood pressure in  the normal 
anesthetized  animal.  In 'the  stimulation  of an  afferent nerve it  is 
not always easy to determine for a  given animal the exact strength 
of current that wilt produce the maximum of dyspnea with a minimum 
of pressor or  depressor effect. 
There is reason to believe that for the purpose of determining the 
effect of dyspnea upon the low blood pressure associated with pep- 
tone shock, that induced by the injections of nicotine may be freer 
from criticism than  that brought  about  by  any  other method.  It 
has been shown by Hoskins and Ranson  26 that nicotine causes vaso- 
constriction  chiefly  by  its  action  upon  the  sympathetic  ganglia, 
but partly by its action upon the vasomotor center.  Adrenalin,  on 
the other hand, produces a rise in blood pressure as a result of its ac- 
tion upon the nerve endings in the vessel wallY  Hence nicotine, as 
a  rule,  cannot produce a  rise in blood pressure in  those  conditions 
in which adrenalin is completely ineffective,  In anaphylactic shock 
and  in  peptone  poisoning,  injections  of  adrenalin  are  without  ap- 
preciable  effect until  the  blood  pressure  has  begun  to  rise.  Even 
when the reaction does return, the percentile rise is reduced, and only 
gradually approaches the normal for the given animal as the absolute 
pressure nears its former level.  The reaction to nicotine, when un- 
accompanied by dyspnea, follows an exactly similar course; that is, 
the  actual and percentile rises in  blood pressure following nicotine 
injections  (without  dyspnea)  gradually increase from zero  to  their 
pre-shock values as the absolute pressure rises to its normal, as shown 
in Table II.  This is especially evident when the results of injections 
of nicotine in  spontaneously breathing  animals  are  compared with 
those  obtained  in  dogs  similarly  treated  but  with  the thorax open 
and  artificial  respiration  employed.  The  fact  that  the  actual  and 
percentile rises caused by injections of adrenalin and nicotine, when 
~s Hoskins, R. G., and Ranson, S.  W., J. Pharm. and F.xp. Therap.,  1915, vii, 
375. 
27 Dixon, W. E., J. Physiol., 1904, xxx, 97. j.  v.  SmO~DS  551 
TABLE  II. 
Effects of Injections of Nicotine* with and without Dyspnea upon Low Blood Pressure 
Associated with Anaphylactic  and Peptone Shock. 
Animal 
No. 
15 
16 
17 
18 
19  100 
Before induction of  peptone or  After induction of  peptone or anaphylactic shock. 
anaphylactic shock. 
Initial 
pres- 
sure. 
~m. 
14  110 
105 
125 
140 
180 
110  10  10 
Maxi-  Pe~- 
mum  Abso-  centile 
result- lute  rls¢ rise  in 
ant  in pres.  pres- 
pres-  sure.  sure. 
sure. 
ram.  ram.  per cem 
125  15:  10 
'  10  115  I0 
145 
150 
'200 
20 
I0 
20 
Initial 
pres- 
sure. 
mm. 
35 
35 
35 
15 
35 
75 
75 
16  30 
50 
so 
7  35 
2O 
80 
11  35 
20 
35 
45 
55 
60 
55 
20 
115 
30 
85 
120 
Maxi-mum  ]"  Abso- 
:esult- [lute  rise 
ant  [in pres- 
pres-  [ sure. 
sure.  __ 
mm.  mm. 
35  0 
120  85 
75  40 
5 
55 
5 
40 
0 
35 
40 
Per- 
centile 
rise in 
pres- 
sure. 
per cent 
0 
243 
114 
33 
157 
7 
53 
0 
'70 
50 
Dyspnea. 
None. 
Violent. 
Marked. 
Slight. 
Marked. 
None. 
Moderate. 
None. 
Moderate. 
70  35 
70  50 
115  35 
38  3 
40  10 
100  45 
100  Marked. 
250  Violent. 
44  Moderate. 
9  None. 
33  Slight. 
80  Moderate. 
2s 
50 
65 
65 
80 
65  512  i 
15  43 
20 
10 
20 
lO  18 
Marked. 
~c 
Moderate. 
None. 
Slight. 
None. 
20  160  175  15  30  30 
35  45 
55  65 
60  120 
0  . 
10 
10 
6O 
0  None. 
28  SHght. 
18  None. 
100  Marked. 
* Standard dose, 1 cc. of a  1: 4,000 solution of nicotine intravenously. 552  LOW  BLOOD  PRESSURES 
TABLE  II---.Concluded. 
Before induction  of peptone or  After induction of peptone or anaphylactic shock. 
anaphylactic shock. 
Animal  --I  Maxi-[  ]  ~__  t  Maxi-]  ]  ~__  I 
m 
Maxi- 
Initial  m  m  •  bso-  centile  No.  u  A  Per- 
t result-  /lute  rise  .  .  pres-  t  an-  lin  i rise in  r  ~  pres-  /  pes-  /  s e.  r  SU e.  r  pres-  / -rl 
mg¢.  ~m.  mm.  per Cen~ 
~ltlal  ~esultl  Inter 
• .  mum  Absc 
res-  I  ant  ]in  pr 
ure"  ,  sPr~  ,  sure 
55  55  0 
45  47  2 
65170  1  s 
52  56  I  4 
65  I  70  /  5 
2sf  25]0 
so  /  52  /  2 
65  /  70/5 
85  ]  95[  10 
/  12or 
Per-  ] 
ceutile  I 
rise in 
per cent 
tificial  respi- 
ration. 
Chest  open.  Ar- 
tificial  respi- 
ration. 
14 
unaccompanied by dyspnea, in anaphylactic and peptone shock run 
parallel courses, indicates that the direct pressor action of nicotine is 
inhibited  by the same  condition  that  renders adrenalin ineffective. 
It is for these reasons that in anaphylactic and peptone shock we con- 
sider the exaggerated rise in blood pressure induced by nicotine as a 
more  purely  mechanical  effect  than  a  similar  rise  accompanying 
dyspnea brought about by any other method. 
We may summarize the evidence that the augmented reaction to 
nicotine frequently observed in the condition of  low blood  pressure 
associated with peptone poisoning is  due  wholly  to  the  mechanical 
effect of the dyspnda, as follows:  (1)  It occurs only in the stage of low 
blood pressure, and only when the dose of nicotine causes dyspnea. 
It does not appear when the blood pressure is normal even if dyspnea 
is produced.  (2)  It has not been observed in any animal in  which 
the chest has been opened and artificial respiration  employed.  (3) 
[t is not due to any cumulative effect because of the slowed circula- 
tion, for a double dose of the drug will not cause such an augmented 
reaction before the condition of shock is induced.  During the condi- 
tion of shock a  2  cc. dose is more likely to produce dyspnea  and is 
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than is a  1 cc. dose.  A double dose without dyspnea does not yield 
the normal, i.e. pre-shock, percentile rise.  (4)  This augmented reac- 
tion occurs at a  stage in the condition of  shock when  adrenalin  is 
without effect, and when, from our knowledge of the pharmacologic 
action of nicotine,  ~e no response to injections of that drug is to be 
expected.  (5)  With a large reservoir of stagnating blood in the liver, 
conditions are favorable for the most effective results from increased 
respiratory suction and from the force-pump action of the vigorously 
contracting diaphragm.  The distance from the  right auricle to  the 
point of entry of the hepatic vein into the inferior vena cava is short. 
The latter vessel is prevented from collapsing by its attachment to 
the central tendon of the diaphragm through which it passes.  By 
this pump-like action increased amounts of blood are brought to the 
underfilled right ventricle and delivered at once through the unim- 
peded pulmonary circulation to the left ventricle and thence to the 
systemic circulation, with the resuhant rise in pressure.  When the 
blood pressure is normal, dyspnea does not cause this marked rise 
because there is no large convenient reservoir of blood for respiratory 
suction to act upon, and because the right side of the heart is already 
filling properly with each diastole. 
During the first ½ minute or so after the blood pressure approaches 
or reaches its minimum in anaphylactic or peptone shock,  dyspnea 
frequently is not effective in causing a  rise in pressure.  This is es- 
pecially well seen by contrasting the results of injections of nicotine 
in Dogs 17 and 19 (Table II).  With a pressure of 20 mm. of mercury 
immediately before the injection of the second dose of nicotine (11 
minutes after injecting 5  cc.  of normal horse serum) in Dog  17,  a 
violent dyspnea produced a rise of 250 per cent.  With the same ini- 
tial pressure in Dog 19, between ½ and 1 minute after giving 5  cc. 
of horse serum, a rise of only 25 per cent was produced in spite of the 
marked dyspnea which the injection of nicotine caused. 
The type of the rise in blood pressure which accompanies dyspnea 
in peptone shock varies with the severity of the dyspnea.  If this is 
violent, as in Dog 14 (Fig. 4), the rise is rapid; if only moderate, as in 
Dog 17, the rise is somewhat less steep.  28  The degree of dyspnea does 
28 The tracing from this dog was published in connection with the paper on 
"Anaphylactic shock  in dogs," J. InfecA Dis., 1916, xix, 746. 554  LOW  BLOOD  PRESSURES 
not affect the percentile rise so much as it affects the rate at which 
the rise occurs.  In either case, there is, in the  early stages, a  tend- 
ency for  the  pressure to fall  again, but usually less rapidly than it 
rose.  As a rule, the pressure does not again return to its former low 
level, unless the dose of peptone was very large.  It then not infre- 
quently falls  to  a  still  lower plane.  For  example, Dog  17,  with  a 
blood pressure of only 20 rnm. of mercury at the time of the induction 
of the second period of dyspnea, by nicotine, was apparently in ex- 
tremis.  The dyspnea was violent and induced a  rise in pressure of 
250  per  cent,  and  the  animal  recovered in a  relatively short time. 
Similar results, although usually less spectacular, have been obtained 
in many animals. 
Dyspnea is, therefore, an important therapeutic agent in low blood 
pressures of the type present in anaphylactic and peptone shock.  By 
bringing the pressure above the danger zone at frequent intervals by 
the rc~eated induction of short periods of dyspnea,  the life of the 
animal can usually be saved.  Whether equally beneficial results will 
follow its use in surgical shock in human patients will depend upon 
the mechanism of that condition.  If the low blood pressur~ in sur- 
gical shock resembles that in peptone poisoning in that it is accom- 
partied by a reservoir of stagnating blood in the liver, it would seem 
reasonable to expect salutary results from the frequent induction of 
periods of dyspnea by some method which can be applied with safety 
in human cases, such as increasing the carbon dioxide content of the 
inspired air.  If, on the other hand, surgical  shock  has an entirely 
different mechanism, as, for example, fat embolism, little permanent 
benefit can be  expected from the  use  of dyspnea.  Incidentally it 
may be remarked that the study of the effects of dyspnea in surgical 
shock in  man  may yield information of value in  determining the 
nature and mechanism of that condition. 
~  Since I had observed that dyspnea causes a  rise in blood pressure 
in anaphylactic and peptone shock,  2. Porter's  29 report that dyspnea 
causes a rise in  the low blood pressure  accompanying fat embolism 
led to  the present comparative study of these two conditions.  My 
experiments have  confirmed Porter's  observation,  although  the  re- 
29 Porter, W. T., Boston Med. and Surg. Y., 1917, clxxvi, 699. j.  P.  smorros  555 
suits are far less striking  than in peptone shock.  The  character of 
the curve is different from that obtained in peptone  shock.  In  ex- 
perimental fat embolism, the rise induced by dyspnea is usually less 
marked, the ascent is more gradual, and the decline usually slower. 
The pressure  tends  to  fall progressively lower between the periods 
of dyspnea, so that the tendency to recover is lacking.  All the  ani- 
mals of this series whose blood pressures showed a permanent fall in- 
variably succumbed.  In several instances dyspnea appeared to hasten 
the end by causing acute pulmonary edema.  The increased negative 
intraalveolar  pressure  as  a  result of the  deeper and more  forcible 
inspirations may have been a  factor in the production of this edema 
as in  the case  of  adrenalin  pulmonary edema in  rabbits  described 
by Auer and Gates.  s° 
Artificial  respiration  with  a  bellows  has  been  found  to  cause  a 
rise in pressure in  experimental  fat  embolism in  some dogs.  This 
rise, when it does occur, is very gradual (Figs. 7 and 8). 
In view of the marked differences in  the state  of the circulation 
in these two conditions, to explain the rise in arterial pressure accom- 
panying or  following dyspnea in fat embolism upon the same basis 
as  the similar phenomenon in  peptone shock,  namely as a result of 
respiratory suction, as is done by Porter,  s° would hardly seem justified. 
Conditions are certainly not favorable in fat embolism for the activity 
of this force.  (1) There in no convenient large reservoir of stagnating 
blood upon which respiratory suction can be exerted.  Instead, there 
is a general venous stasis.  The distribution of the blood in the body 
can be influenced by gravity.  Thus, if the foot of the operating board 
is  raised, the venous sinuses of  the brain will be found at autopsy 
greatly distended with blood.  If at autopsy the skull is opened before 
the thorax is disturbed, enormous quantities of blood flow from  the 
opened sinuses, indicating the extreme degree of venous stasis.  This 
does not occur in anaphylactic and peptone shock.  (2)  The right side 
of the heart is already overfilled  with  blood.  To  add  more  blood 
would only increase its burden and augment  the  tendency, already 
present,  to  acute  dilatation.  (3)  A  large  portion  of  the  vascular 
bed of the lungs is occluded.  Any additional  blood brought to the 
30 Auer, J., and Gates, F. L., J. Exp. Med., 1917, xxvi, 201. 556  LOW  BLOOD  PRESSURES 
heart by respiratory suction or any other force could not be delivered 
to the left ventricle where it is needed to raise arterial pressure.  (4) 
The  venous  pressure  rises when the arterial pressure falls  (Figs.  2 
and  3).  (5)  The  vessels  still  retain  their  functional  integrity  as 
shown by the reaction to adrenalin (Fig. 8). 
A  more reasonable explanation, but one difficult to verify, is that 
in experimental fat embolism dyspnea, and perhaps  artificial respi- 
ration with a  bellows,  in some way facilitates the passage  of blood 
through  the lungs.  Cloetta  3~  has  called attention  to  the  effect  of 
inflation of the alveoli upon the caliber of the interalveolar capillaries. 
When the lung is collapsed, the capillaries are reduced in diameter. 
With  moderate inflation  there is  radial traction upon  these  vessels 
and  their lumina  are increased in  size.  With marked inflation, the 
capillaries are narrowed, both by compression and by linear extension. 
In dyspnea this cycle is repeated in rapid succession, so that a  milk- 
ing action upon the capillaries is produced which would tend to dis- 
lodge mechanically the occluding droplets of oil  from these vessels. 
But  the question of the mechanism by which dyspnea and artificial 
respiration cause a  rise in blood pressure in experimental fat embol- 
ism must remain for the present without a satisfactory answer. 
We  may summarize the  effects of dyspnea upon  the  low  blood 
pressures in peptone and anaphylacfic shock and in experimental fat 
embolism as follows:  In the former, the rise in pressure is relatively 
sharp; there is a  tendency to decline, but the pressure does not usu- 
ally reach its former low level unless the dose of peptone was excep- 
tionally  large;  and  the  animal  generally recovers if  the periods of 
dyspnea are repeated with sufficient frequency to prevent serious dam- 
age to  the vital centers of the brain by the anemia.  In experimental 
fat embolism, the rise in pressure accompanying dyspnea and the sub- 
.sequent  decline  are  usually more  gradual  than  in  peptone  shock; 
the  tendency is  for  the  pressure  to  sink  progressively lower,  after 
each paroxysm of dyspnea; and no permanent  benefit  has been ob- 
served from the employment of dyspnea after  the  arterial  pressure 
has  once  been materially and permanently reduced.  If permanent 
31 Cloetta, M., Arck. exp. Park. u. Pharra., 1912, lxx, 407. j.  P.  SlMOm~S  557 
improvement in surgical shock is found  to  follow repeated periods 
of dyspnea,  this  would  appear  to  be  indirect  evidence  that  this 
condition is not due to fat  embolism. 
Further  Differences  between the  Low  Blood  Pressure Associated  with 
Peptone  Shock  and  Experimental Fat Embolism. 
In peptone and anaphylactic shock the respiration is usually not 
affected except for  the temporary dyspnea that occasionally occurs 
during the  fall  in  pressure.  In  experimental fat  embolism, on  the 
other hand,  two very unlike changes in  respiration have  been  ob- 
served in different animals.  Sometimes both conditions have devel~ 
oped in the same animal at different stages of the experiment.  In a 
number of dogs a violent dyspnea occurred,  lasted for several minutes, 
and usually resulted ~tally.  This was almost always  accompanied 
by edema of the lungs.  The condition closely simulated the clinical 
picture of fat embolism sometimes seen after fractures of long bones. 
In several instances the difficulty of respiration became so extreme that 
it was necessary to disconnect the tracheal cannula from the ether 
bottle.  With each violent expiration a  shower of frothy fluid was 
blown from the cannula.  The degree of edema appeared to  bear  a 
direct relation to the severity of the dyspnea. 
In other animals a  condition of apnea not infrequently developed 
unexpectedly without any change in the amount of ar~esthetic  being 
given.  This may occur before the critical quantity of oil  has  been 
reached in the injections, and therefore before the arterial pressure 
has begun to fall.  The onset of apnea may be sudden, but usually it 
is somewhat gradual.  The respirations become m~re shallow and less 
frequent until they stop entirely, as in fatal ether poisoning.  If  the 
anesthetic is  removed promptly and moderate artificial respiration 
instituted at once, the animal can usually be revived, and after a vary- 
ing period of time will begin to breathe spontaneously again.  If the 
artificial respiration is not started without delay, the blood pressure 
quickly fails and the heart stops beating within a  few minutes.  A 
delay of ½ minute has appeared, in some instances, to result in the 
death of an animal that might have been revived.  This apnea has 
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The similarity of this series of events to ether poisoning, and the 
recovery of the  animal upon  the removal of the  anesthetic and the 
institution of artificial respiration, has led to the tentative explanation 
that the toxicity of ether may be enhanced in experimental fat embo- 
lism.  The  recovery of  the  dog  under  the  conditions noted  would 
seem to exclude the possibility of any organic damage to the respira- 
tory center  by the lodgment therein of an  embolus of oil,  Careful 
postmortem examination, gross and microscopic, of the region of the 
floor  of  the  fourth  ventricle  has  not  revealed  evidence  of  such  a 
lesion. 
Janeway and Jackson  ~ reduced arterial pressure by compressing the inferior 
vena cava.  Release  of the compression after 2 hours was followed  by a prompt 
rise in arterial pressure, which slowly fell again, and the animal died in about 12 
hours.  They consider  that the dilatation of the peripheral venules and capillaries 
as a result of the increased venous pressure caused such a loss of tone that even 
after normal pressure was restored they became overfflled  with blood.  Too little 
blood was thus permitted to reach the heart to keep the arterial pressure above 
the danger zone of 40 to 50 ram. of mercury, and the animal died. 
The animals used in this series of experiments were observed for 
varying periods of time after the injection of oil.  In most instances 
the experiments did not last longer than 5  hours.  Hence from the 
observations of Janeway and Jackson, it might be objected that an 
amount of fat in the lungs less than the critical quantity may cause 
a  fall in pressure more than 5 hours after the injection.  That there 
is a  rise in venous pressure  in experimental fat embolism is known 
from the work of Warthin,  ~ and of Bissell,  5 and from the results here 
reported.  But as far as these experiments go, it would seem that a 
rise in venous pressure  of a  lasting character or of a degree greater 
than the fluctuations observed in dogs without any further treatment 
than the administration of an anesthetic, does not begin  until  the 
critical  quantity of oil  has  been  injected and  the  arterial  pressure 
has begun to fall.  Even then  the  venous  pressure  (external jugu- 
lar-superior  vena  caya)  may be  lowered  by  dyspnea.  The  condi- 
tions present in experimental fat embolism do not, therefore, appear 
to be analogous to those in the experiments of Janeway and Jackson 
until a  relatively large amount of oil has been administered.  After I.  r.  SI~O~CDS  559 
this  point has  been reached,  that is  after  the venous pressure has 
begun to rise, progress to a fatal termination is usually rapid.  Hence 
there is no reason to consider this possible objection valid. 
SUMMARY. 
1.  In peptone shock there is a  marked, precipitate fall in arterial 
pressure.  At the same time there is a fall in venous pressure. 
2.  In experimental fat embolism,  (a)  the fall in blood pressure is 
always gradual; (b) approximately 1 cc. of oil for each pound of body 
weight must be injected before a  lasting fall in  arterial pressure is 
produced;  (c) it makes only a  slight difference whether this amount 
is injected in small doses at a  time or in relatively large quantifies; 
and (d) when the arterial pressure falls, but not till then, the venous 
pressure rises. 
3.  In peptone shock, dyspnea, by its suction and force-pump action 
upon  the  reservoir  of  stagnating  blood  in  the  liver,  brings  more 
blood to the heart and causes a rise in arterial pressure.  By repeat- 
edly inducing short periods of dyspnea at frequent intervals, perma- 
nently beneficial results are obtained and the life of the animal can 
be saved. 
4..  In  experimental fat  embolism,  dyspnea  will  cause  a  rise  in 
blood pressure.  But permanently beneficial results  have  not  been 
obtained by this method.  If dyspnea is found to bring permanent 
improvement in surgical shock, it is indirect evidence that this condi- 
tion is  not  due  to  fat embolism.  Respiratory  suction is  probably 
not  responsible  for  the  rise  in  blood  pressure  in  experimental  fat 
embolism.  It seems more likely that the dyspnea in some way facili- 
tates  the  passage  of  blood  through  the  embarrassed  pulmonary 
circulation. " Artificial respiration with a  bellows will also frequently 
cause a  rise in blood pressure in experimental fat embolism. 
5.  In  peptone  shock  the  respiration  is  usually not  affected,  al- 
though there is some evidence that the respiratory center may be in a 
state  of increased  irritability.  In  experimental  fat  embolism,  in 
some  animals  a  violent  dyspnea  develops  spontaneously.  This  is 
usually accompanied by edema of the lungs.  In other instances, an 
apnea occurs, even before the blood pressure has begun to decline. 560  LOW  BLOOD PRESSUI~S 
EXPLANATION OF PLATES. 
PLATE 17. 
FIG. 1.  The fall in arterial  and  venous  pressures  associated  with peptone 
shock.  Dog 3; weight 42  pounds.  The  writing point of the venous pressure 
manometer was recording ,a inch in advance of that of the arterial manometer. 
FIG. 2.  The effect on arterial and venous pressures of injecting small doses of 
oil at frequent intervals.  This animal had been previously subjected to peptone 
shock,  which accounts for the gradual rise in arterial pressure in the first section 
of the tracing (a), in spite of the injections of oil.  Between the first and  second 
(b)  sections of the tracing, 4 minutes elapsed and 6 cc. of oil were  injected.  Af- 
ter the arterial pressure had beguh to fall, the respiration became slow and four 
inspirations with the bellows were used as shown in the second section of the trac- 
ing.  Dog 11; weight 15 pounds. 
PLATE 18. 
FIG. 3.  The effect on arterial and venous pressures of the injection of small 
doses of oil at frequent intervals.  The same animal as in Fig. 1.  Between the 
first (a)  and second (b)  sections of the tracing 20 minutes elapsed.  During this 
time a  clot formed in the venous cannula.  In removing this clot some fluid was 
lost from the system of transmission.  This probably accounts for the lower level 
of the venous pressure tracing in this section of the figure.  In the second section 
the  arrows  indicate corresponding positions of  the  writing points  of  the  two 
manomet ers. 
PLATE 19. 
FIG. 4.  Dog 14.  The effect of nicotine on arterial pressure in peptone shock 
with and without the production of dyspnea,  a and b, injections of adrenalin and 
nicotine, respectively, before the induction of shock; c, peptone injected; d, ad- 
renalin; e, nicotine without dyspnea; f, nicotine with marked dyspnea.  Dosage 
1 cc. of 1 : 50,000 adrenalin, and 1 cc. of 1: 4,000 nicotine. 
FIG. 5.  The effect of rapidly injecting large single doses of oil at frequent in- 
tervals,  the  total  amount  being  less  than the critical quantity.  Moderately 
rapid fall in pressure with gradual rise to previous level.  Dog 23;  weight 30 
pounds.  The  time covered by the tracing, including the period during which 
the drum was stationary, was 18 minutes. 
PLATE 20. 
FIG. 6.  Gradual fall in arterial pressure after rapid injections of large amounts 
of olive oil (75 cc.).  The effect on respiration is also shown.  Female dog; weight 
29 pounds.  Time covered by entire tracing, 7 minutes. j. P. ShrOUDS  561 
FIG. 7.  The effect of artificial respiration with a bellows upon low blood pres- 
sure (arterial)  in experimental  fat  embolism.  The animal was breathing spon- 
taneonsly when the artificial respiration was instituted.  Time covered by tracing, 
4  minutes. 
PLATE 21. 
FIG. 8.  The effect of artificial respiration with a bellows upon low arterial pres- 
sure in experimental fat embolism.  The respiration became very slow and fin- 
ally stopped.  Rapid fall in pressure,  followed by gradual rise  during artificial 
respiration.  Between the first (a) and second (b) sections of the tracing 3½ minutes 
elapsed.  During this  time  the pressure  continued to rise gradually.  Respira- 
tion became spontaneous while the drum was stopped.  The rise in pressure indi- 
cated by the perpendicular line occurred very quickly upon the suspension of ar- 
tificial respiration before the drum could be started.  This tracing also shows the 
reaction to adrenalin in the low blood pressure due to experimental fat embolism 
in contrast to the absence of this reaction in peptone shock. 